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A heuristic method based on simulation and design of experiments for
performance improvement of assembly line is presented in this paper.
In the proposed method, all effective factors on the performance of an
assembly line are specified using the expert's point of view and then a
2k factorial design is used for the selection of the most effective
factors. Also a factorial design is applied for assessment of
interaction among important factors and comparison of different
levels. A simulation method is employed for evaluating the
performance of proposed alternatives instead of using real case. A
straightforward assembly line analysis is presented and exemplified in
this work by extracting and analyzing effective factors of an auto light
company. Number of workstations, operators and speed of machines
are chosen as the main factors. Next to the identification of different
levels using factorial design, the method showed significant
improvement on the assembly line of auto light company..
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Distribution Summary

Distribution: Triangular
Expression: TRIA{SE, 60, &3)
Square Error: 0.001237

Chi Square Test
Number of intervals =19
Degrees of freedom =17
Test Statistic = 14.2
Corresponding p-value = 0.65

Kolmogorov-Smirnov Test
Test Statistic = 0.0211
Corresponding p-value > 0.15
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Std Order Blocks A(Operators) B(Machines) C(Work Stations) Number of product
73 1 1 1 2 487
77 1 2 1 1 563
29 1 3 1 3 564
101 1 2 1 v 563
lole ¥ b 6l (uilyly Judoi Y Jgu
Analysis of Variance for Number of product, using Adjusted SS for Tests
Source DF Seq SS Adj SS Adj MS F P
operators 2 364039 364039 182019 340694.63 0.000
machines 1 42000 42000 42000 78613.91 0.000
work stations 1 138924 138924 138924 260031.20 0.000
operators*machines 2 5427 5427 2713 5078.54 0.000
operators*work stations 2 56614 56614 28307 52983.31 0.000
machines*work stations 1 1548 1548 1548 2897.49 0.000
operators*machines*work stations 2 3544 3544 1772 3317.04 0.000
Error 108 58 58 1 - -
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Residual Plots for Number of product
Normal Probability Plot of the Residuals

99.9
99 { e

90 4

50 4

Percent

10 4

11 °
0.1

-4 -2 o 2 4
Standardized Residual

Histogram of the Residuals

30

20

Frequency

10 A

N I

-2 -1 o 1 2 3
Standardized Residual

Standardized Residual

Standardized Residual

Residuals Versus the Fitted Values

L ;;; s & ji °
.:. s -, 3 s - :

Fitted Value

Residuals Versus the Order of the Data

1 10 20 30 40 50 60 70 80 90 100 110 120
Observation Order

W oilondly glo ylo905 & JSi

Ol eizren 5)ls 556 0ad adei ol Jeame olaws g9,
&l IS Gnly peiie 63, 1 5 Lol ol Wi
5 shol Sl laloged alejl Gal e a4 S5 5k
A oy bl ples (sl Bl

5 G i) slaws sl e &5 was oo ol £ S
L0 Oyl 4 0il (oo cude Bl llo YT eile e oo
5 ol £ 4 oKsl 0 51 (6,5 ol o] Slows o s
il Sy STas a4 o laibinl 5l eVl sl cepn b
olawd st 0550 0 b oo o8l oald WJgi Jease olaxs
VO 51 Jele ol s b sl o s slls a8 Slusl (59,0
b oo Rl oad wdg Jpame shawi bawgie jE5 Ve 4 i
ol Wi Jpame slawi (Sl HE VY @ Ve Sl s )3 Js
aile o B ol L

leosilodl Lo 5l Lo jiules] b Joe colas oLyl sl
v ;0 B a9 5 50lsS Cas (O JSKD)0g0 )5 oolaiu]
sl 5,5 a1 b ouile 3L ogs Jloy O=+/+0 loline
a3 o las 1) oailedl o5 Jloy o G 5o Sl0g03
Soges il (oo 0bj (6 s Sl s reailedl bl
g YT ile Ce o Sladl (g9, Slasl w5 onilendls
2 Lilyls 6l pas a5 s )5 ey 5 (5 S el Slas

U P

Shole b gl Julo g 4 o ¥-F
et sbdae sbazsS 69y p oot plasl bjly oS
Jdos Jgazm 50 a5 aeSilen cnl ool ¥ Jguz o sile
(Sbadl Ggp Slawr Jule aw ;2 00,5 o cdslin uillg
5 6)|QLSJ.Q )5.'4 L 6}5 6&0&“&" slass 9 UYT u.».»aLo Ca

Main Effects Plot (data means) for Number of product
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Interaction Plot (data means) for Number of product

1 2 1 2
1 1 1 1 700
operators
= |
— —- — —— 1
— — —.— 2
~— -— - 600 3
operators
/ - ° I 500
700 -
machines
—— 1
- —— 2
— - 600
machines -—
~ 500

work stations

Jolge Jilisio &l 51 gl fogai .V S

Sl Sige L o 5 a3 (sl Laes] ol
A5 e

Sfles ;5 Sgue wrge Yloixl a5 1y else plos bg; o]
L else (s oo 0nS o0 S5 )0l walys g
b o Sles ;0 dgue o Wil 59y 2 e L 00,5 QL]
5 Bgi 4 5l pas 4 Ol (e gy cnl blre 5logd e 5L
ol bl sleane Gisren wp b ) 5lge b3 )3 s
@l allioe eS (2Bly Slige bt o ss blae jo i,
Gk 5l ol e liel 4 azg b By cnl ) esnl Cewny
15,5 &y 68,90 aalllae ol lisabsl LB s kel (slaisds,
sl o 1) ey ol @b deesil €l oy &b )5 0
@ Wlgs go oddily gy ol lis 5lige Jas o Sles )0 Sgupn
S50 (Shpe Sloraal )5 (598 5,Sles souge Il Ko (lge
S8 )13 eolaiul

&1y
5 hb o, wliwyg Aoz ticw OIS (s yesKige [V]
amio ) Al ) Cais g ple olfadls ool jLal o iolesT Lo
ATAS FAS-FYY 4 TFIV-YAQ N0V Y

St il ¢ ol Ao 5t (5 15, Sy [Y]
Wy ph gaio oKl sele ol jlacl ol slpotin
FOA-FAY 5 OFF-010 FO--FFL YY-10 axan

Sl > coer o belanl Jaillgl « 88ly woumme (olgel [¥]
FAY-YAY amio ¥l o)y &l Ll o« pwiige Hlol 5 ¥lais
AYAS

Coond 003 g0 (L 1) (g2 950 sbaJele Jlize SV JSS
e iy slo e Blisa 31 (V IS8 oz ems Y1)
obj Sy w0 00,5 o cdnlive laygsl ] slaas g VI
2 ead Ay Jaame olaws Sludl g9, Yo g YT sk
Cowly Coono Y)pgd Coond wo5lo 103 Cand il mdans 1 YL
-] slass g Sludl (595 olaws Jule g0 oS5 (Y JSSS
L 6,5 oSl £ oS 5 Caand (] jo s oo lid 1) )8
shls Sie jsb 4 Loyi Sl 95w 8 TV 5 Ve sl

s 2l Jpamme adgi i (YL
Oeisle ey g (65 lrolKiws! slass Jiliie 1 pgas Caond
oS 5 a5 00,5 oo Culils p Caond (ol 5l o o L 1) YT
gl 0l G (nl 5o ol G b )5 ol #
A &S Sl aes e 4z | sl adg Jgama
dzgi Lol acslo |y ades iSTas o5, aabip 381 0 o)ls las
Sty g (615 oS! olass (sl it puilylg LT s &
Slass yuste 5 Sy =S Ia> 9 8 mhaws jo s 4 OYT ile
@ azg b oo S Qbul a5 Ve mhae o 58 Sl g9y
ool Cews @ ol (50 )1 4 b giloancd slaae (95
@ bagte sk & ol Jpamme TV ailig, 5l 4S5 oy
s8ls3 Loy el basie jsb & ales Jsame PAS ally,
i sy S oams Bt a5 oln 5o Gl (5

G5 domis ¥
Sige bas 5Slee (g5) » goaxie Julge (ABly gbis o
as 5 ol wieils Wil saes 4 (S, &5 30550
Gilo aed Joe S 5 5l oad (B me oS g el s

¥ oooleds VY alar —IVAY jo jed gl Sy 9 Qulio (it (Mol (e g i


https://ijiepm.iust.ac.ir/article-1-881-en.html

[ Downloaded from ijiegpm.iust.ac.ir on 2025-07-19 ]

Y4 35 M plodese g Juol (G9utn darg o (S Camn> wSlige b o g 4 ja (gl (6l ey S

[3] Mendes, A.R., Ramos, A.L., Simaria, A.S., "Combining
Heuristic Procedures and Simulation Models for
Balancing a PC Camera Assembly Line", Computers
& Industrial Engineering, No. 49, 2005, pp. 413-431.

[4] Hsieh, S.J., "Hybrid Analytic and Simulation Models for
Assembly Line Design and Production Planning",
Simulation Modelling Practice and Theory, No. 10,
2002, pp. 87-108.

[5] Kuo, R.J., Yang, C.Y., "Simulation Optimization using
Particle Swarm Optimization Algorithm with
Application to Assembly Line Design", Applied Soft
Computing, No. 11, 2009, pp. 605-613.

[6] Kim, Y.K., Song, W.S., Kim, J.H., "A Mathematical
Model and a Genetic Algorithm for Two-Sided
Assembly Line Balancing”, Computers & Operations
Research No. 36, 2007, pp. 853 — 865.

[7] Yeh, D.H., Kao, H.H., "A New Bidirectional Heuristic
for the Assembly Line Balancing Problem. Computers
& Industrial Engineering”, No. 57, 2009, pp. 1155—
1160.

[8] Akpmar, S., Bayhan, G.M., "A Hybrid Genetic
Algorithm for Mixed Model Assembly Line Balancing
Problem with Parallel Workstations and Zoning
Constraints”, Engineering Applications of Artificial
Intelligence, No. 52, 2010, pp. 754- 763.

[9] Blum, C., Miralles, C., "On Solving the Assembly Line
Worker Assignment and Balancing Problem Via
Beam Search", Computers & Operations Research,
No. 38, 2010, pp. 328-339.

[10] Dessouky, Y.M., Bayer, A., "A Simulation and Design
of Experiments Modeling Approach to Minimize
Bulding Maintenance", Computers & Industrial
Engineering, No. 43, 2002, pp. 423-436.

[11] Longo, F., Mirabelli, G., "An Advanced Supply Chain
Management Tool Based on Modeling and
Simulation”, Computers & Industrial Engineering,
No. 54, 2007, pp. 570-588.

[12] Acht, C., Lubben, T., Hoffmann, F., Zoch, H.Z,
"Simulation of the Influence of Carbon Profile and
Dimensions on Distortion Behaviour of SAE 5120
Discs by wusing a Design of Experiment”,
Computational Materials Science, No. 39, 2007, pp.
527-532.

[13] Gunasegaram, D.R., Farnsworth, D.J., Nguyen, T.T.,
"Identification of Critical Factors Affecting Shrinkage
Porosity in Permanent Mold Casting using Numerical
Simulations Based on Design of Experiments",
journal of materials processing technology, No. 209,
2009, pp. 1209-12109.

¥ oooleds VY alar —IVAY jo jed gl Sy 9 Qulio (it (Mol (e g i


https://ijiepm.iust.ac.ir/article-1-881-en.html

[ 6T-20-G20z uo 1rrJe snirwdaifi woly papeojumo( |


https://ijiepm.iust.ac.ir/article-1-881-en.html
http://www.tcpdf.org

